Background and aims. Dental procedures injuring oral tissues may induce bacterial release to
Introduction
acterial endocarditis is a classic example of metastatic infections which occur at a distant location than the original site of bacterial entry. The oral cavity harbors various microorganisms that can enter the blood circulation through tissue injury. Dental manipulations including oral surgery, periodontal procedures and root canal therapy may cause bacteria to enter the circulation, resulting in bacteremia. 1, 2 This can lead to infection of sterile vegetations on cardiac valves in susceptible patients to endocarditis. 3 Fiehn et al 4 showed that in patients with infectious endocarditis, Streptococci strains isolated from the blood sample were similar to bacteria collected from the oral cavity.
Turbulent blood flow leads to formation of vegetations on a dysfunctional cardiac valve. This turbulent flow also destroys the endocardial surface of the valves and results in the exposure of the underlying collagen. Platelets aggregate on the exposed collagen layer, and with the addition of fibrin, form a sterile thrombus called vegetation. The bacteria that gain entry into the vegetation are protected from leukocyte phagocytosis by fibrin layer. 1 There are two forms of endocarditis, acute and subacute, which describe the progression of the disease. 5 Subacute endocarditis, which is more common, occurs following dental procedures in susceptible patients. Streptococci are the almost exclusive bacterial pathogens responsible for subacute endocarditis. On the other hand, acute endocarditis can inflict healthy cardiac valves. Staphylococci are typically involved in acute endocarditis and tend to be highly invasive. Unlike the subacute variant, the formation of acute endocarditis does not require preexisting platelet-fibrin vegetation or a susceptible host. 5 The likelihood of clinical improvement in patients suffering from endocarditis is approximately 70%. However, repeated attacks of endocarditis reduce the 5-year survival of patients to 60%. 5 The eradication of bacteria from vegetations that lack adequate blood flow is extremely difficult due to the inability of the host immune system in reaching these sites. Therefore, adequate treatment of infectious endocarditis requires prolonged treatment with high dose bactericidal antibiotics. 6 It should be noted that this disease is difficult to treat and has a poor prognosis. Thus, an understanding of the various preventative and prophylactic measures is of outmost importance in dealing with this disease. 5 In 1960, the American Heart Association (AHA) made its first recommendations about preventative measures before dental procedures. 1 The aims of these prophylactic measures are to reduce the bacteremia, aid the reticuloendothelial system in destroying bacteria, and reduce bacterial contact with injured valves and vegetations. 7 In this study, a self-administered questionnaire which focused on the latest recommendations of AHA with regards to endocarditis prophylaxis in patients with cardiac disease undergoing dental procedures was given to general dental practitioners (GDPs) in Tabriz, Iran. The aim of this study was to determine the level of knowledge endocarditis prophylaxis among these dentists and to decide whether further measures should be taken to improve awareness.
Materials and Methods
This cross-sectional, descriptive, analytical study analyzed the knowledge of GDPs in Tabriz, Iran, regarding endocarditis prophylaxis in cardiac patients undergoing dental procedures in 2007. There are approximately 270 general dental practitioners in Tabriz, of which 150 were randomly selected for this study as recommended by the statistical consultant. A questionnaire consisting of 37 closed questions in three sections was devised. The first section contained 14 questions pertaining to various cardiac diseases and whether endocarditis prophylaxis was necessary. The second section contained 15 questions focusing on dental procedures that did or did not require endocarditis prophylaxis. Eight questions were included in the third section regarding the latest endocarditis prophylaxis regimens recommended by the AHA in 1997. 8 The questionnaire also collected demographic information including gender, age, work experience, and the university from which dentists had graduated. In the first and second sections, the questions had two choices, and in the third section, they had four choices. The questionnaires were given to the dentists with appropriate amount of explanation. The level of knowledge of the dentists was determined based on the number of correct answers per each section.
The association between age and work experience of general dental practitioners with their level of knowledge was assessed using chisquare test. The differences between males and females were evaluated using independent t-test. One-way ANOVA was used to assess level of knowledge of practitioners graduated from different universities. Statistical analysis was performed using SPSS 11.5 computer software.
Results
One hundred and fifty GDPs from Tabriz participated in this study, of which 58.7% were men and 41.3% were women. Of all participants, 57.3% had graduated from Tabriz University of Medical Sciences Faculty of Dentistry and 27.3% were graduated from dental schools in
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Tehran, Iran. The remaining 13.3% had graduated from other Iranian dental schools.
The mean level of knowledge among studied population regarding cardiac conditions that require endocarditis prophylaxis was 63.7%. In the sections pertaining to dental procedures requiring prophylaxis and the proper antibiotic regimen, the mean level of knowledge was 66.8% and 47.7 %, respectively. The level of knowledge in antibiotic regimens used in endocarditis prophylaxis was significantly lower than the other two areas (P < 0.05). The overall knowledge of endocarditis prophylaxis among dentists in Tabriz was of an average level (59%). Among female dentists, the mean level of knowledge of endocarditis prophylaxis was 56.7% compared to 60.9% among male dentists; the difference was not statistically significant (Table 1) .
In general and in each three sections the association between age and the level of knowledge was significant, suggesting that the knowledge decreases as age increases.
There was a significant association between the practice period and the level of knowledge in general and in each of three sections (P < 0.05); as the work experience of general practitioner increased, their level of knowledge decreased (Table 2) . Participants in the study were further divided into three groups based on their university of graduation: (1) graduates of Tabriz University of Medical Sciences; (2) graduates of dental schools of Tehran; and (3) graduates of other universities. The comparison of these subdivisions showed a higher level of knowledge in graduates of Tabriz Dental School; however, the difference was not significant.
Discussion
Infective endocarditis is a rare illness. However, it must be noted that once affected with this disease the prognosis is poor. 5 Research has shown that even with the use of prophylactic antibiotic regimens in all susceptible patients, the rate of infective endocarditis is only reduced by 3.5%. 9 However, the risk of developing infective endocarditis following dental procedures in a high risk population is minimal (1 in 95000). 10 Therefore, possible side-effects and high cost of treatment must be considered when using prophylactic antibiotics. While taking the high cost and side-effects into consideration, the use of prophylactic antibiotics in susceptible patients is still valid. 11 The decision whether to use prophylactic antibiotics must be made by both the dentist and the physician. Dentists must have updated knowledge of dental pharmacology to improve the health care especially in patients susceptible to bacterial endocarditis. 12 This study evaluated the knowledge of dentists in Tabriz regarding endocarditis prophylaxis. The overall level of knowledge among dentists in three sections was approximately 59%. The level of knowledge of cardiac diseases requiring endocarditis prophylaxis was 63.7%. Considering dental procedures requiring prophylaxis, the level of knowledge was 66.8%, which is lower than the results obtained in 2002 by Chitsazi & Pourabbas 13 (76.2%). The lower level of knowledge in our study may be a result of a more comprehensive questionnaire with more difficult questions or an actual decrease in the level of knowledge of dentists. The level of knowledge of the latest recommended prophylaxis regimen was approximately 47.2%. This was higher than the results achieved in 2002 (32.2%); 13 however, this level of knowledge is still low and not acceptable. The latter improvement is probably because the guidelines on prophylaxis regimen did not change in the past decade. Boyle et al 14 in 2006 demonstrated that 56% of GDPs in Ireland were aware of the latest prophylaxis regimen which is similar to the results of this study.
The results indicated that gender had no effect on the level of knowledge among GDPs regarding cardiac diseases, dental procedures, and prophylaxis regimen (P < 0.05), which coincides with the results of a previous study. 13 On the other hand, the study of Fakhrayi et al 15 showed that female dental students had a higher knowledge of cardiac diseases, dental procedures, and prophylaxis regimen than males. According to the results of this study, the association between age and level of knowledge was statistically significant (P < 0.05), showing that as age increased, level of knowledge decreased, particularly in age group of 40 years old and above compared to other age groups. This also may be due to a lack of interest or motivation in taking continuing education courses or reviewing previously studied sources.
Chitsazi & Pourabbas 13 in 2002 found no significant association between age and knowledge in dental procedures requiring prophylaxis; however, there was a significant association between age and knowledge of the latest prophylaxis regimen. In the present study, there was a significant association between the level of knowledge of GDPs and their practice period (P < 0.05). Similar to age, practice periods of over 15 years had resulted in a significantly lower level of knowledge of endocarditis prophylaxis among dentists. This could be attributed to aging, time past graduation, and lack of adequate motives for reviewing previously studied sources. This finding is similar to the results of Lauber et al 9 which indicated that general dentists and physicians with a practice record of over 20 years had a significantly lower knowledge of endocarditis prophylaxis compared to those in practice for less than 20 years.
There was no significant difference between GDPs concerning the university from which they graduated (P > 0.05). In a study carried out in 2002, the level of knowledge in procedures re-
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quiring prophylaxis in graduates of Ghazvin, Mashhad, and Hamadan universities was significantly higher than graduates of other dental schools. But there was no significant difference regarding the knowledge in prophylaxis regimen. 13 Inconsistency between the results of this study and another study in Tabriz may be attributed to the point that participants were divided into different number of categories according to the university they were graduated from, namely 3 in ours and 16 in the study of Chitsazi & Pourabbas. 13 Revisions in the dental curriculum to cover antibiotic prophylaxis for bacterial endocarditis as well as additional educational programs in the form of posters, brochures, and continuing education programs should be introduced to improve the knowledge of GDPs regarding dental considerations of medically-compromised patients.
Conclusions
The results of the current study revealed a moderate level of knowledge among GDPs in Tabriz regarding endocarditis prophylaxis. More than half of all questions were answered correctly. The level of knowledge in dentists older than forty and those with a practice record over 15 years was lower than the mean level. The highest knowledge was seen in the section pertaining to dental procedures requiring prophylaxis and the lowest knowledge was seen in prophylaxis regimen.
